Abstract: N-doped mesoporous titania was synthesized using polyethylene glycol (PEG) as template and Dimethyl Formamide (DMF) as nitrogen source. The physical and photophysical properties of the photocatalyst were characterized by X-ray diffraction (XRD), FTIR, BET, transmission electron microscope (TEM), UV-Vis diffuse reflectance spectra (DRS), and X-ray photoelectron spectra (XPS). PEG played an important role in the preparation process within mesoporous titania. The N-doped mesoporous titania possessed diameter of ca. 20 nm with anatase crystalline structure, and had absorption in the visible region. N-doped mesoporous titania samples showed excellent photocatalytic activity for methyl orange (MO) degradation under visible light irradiation, which could be attributed to synergistic effect between the retained alkoxyls and the nitrogen doping.
Semiconductor TiO 2 is widely used because of its high photocatalytic activity, chemical stability, low cost and non-toxicity [1] . However, the main drawback of TiO 2 is the need for UV radiation to excite electron-hole pairs because of its large band gap (3.2 eV for anatase). Many attempts have been made to make it active in the visible range, which include dye sensitization, metal ion doping and non-metal doping. Non-metal doping is the most commonly used for decreasing the band gap. Extensive research work has been done on synthesis of N-doping, F-doping, and doping with carbon [2] [3] [4] [5] . Sato was the first to report on nitrogen doped titania [6] . Nitrogen content that was more or less than the optimum content resulted in decreased photocatalytic activity. Additionally, modification of semiconductors is another application of visible-light induced photocatalyst. Mesoporous materials with hierarchical and tunable pore architecture are getting considerable attention because of its potential applications in the field of catalysis, bio-medical engineering, energy storage and conversion, separation technology, etc [7] [8] [9] [10] [11] [12] . The preparation of mesoporous titania mainly relies on soft template (supra molecular assemblies of surfactants or block copolymers) and hard template (porous alumina, porous silica, porous carbon, polystyrene spheres) [13] [14] [15] .
As dispersion and soft template, polyethylene glycol (PEG) has been employed many times to prepare nanocrystalline TiO 2 . Liu, et al [16] reported an improved Sol-Gel method using PEG as a multifunctional agent for preparing ultrafine and crystallized TiO 2 powders without calcining step. With this background, it was attempted to synthesize mesoporous titania using PEG as soft template at 80℃. In this work, we synthesized and characterized N-doped mesoporous titania photocatalysts with various levels of nitrogen doping, which used PEG as soft template. The new photocatalyst showed excellent photocatalytic activity for methyl orange oxidation under visible light irradiation (λ≥400 nm).
Materials and methods
The chemicals used for the synthesis were titanium (IV) tetrachloride, hydrochloric acid, polyethylene glycol 20000, n-butyl alcohol (AR, China) and Dimethyl Formamide (DMF).
Synthesis of N-doped TiO 2
All chemicals were analytical-grade reagents and were used without further purification. In a typical synthesis procedure, 5.7 g TiCl 4 was slowly added into 10 mL HCl under vigorous and constant stirring. Subsequently with 300 mL n-butyl alcohol and 5 g PEG ( M = 20000 ) added to the mixture under refluxing conditions at 80 ℃ for 20 h, which was used to prepare mesoporous titania . . A post-treatment to the above process, was carried out in DMF (0.5-15 mL) at 180 for 24 h in a sealed Teflon ℃ container. The resulting product was obtained, thoroughly washed with distilled water, and finally dried in vacuum. The sample without a post-treatment was denoted a, others collected with 0.5, 2, 5, 10, 15 mL DMF were denoted b, c, d, e, f, respectively.
Characterization
The as-synthesized samples were characterized by X-ray diffraction (XRD) with a Bruker D8 diffractometer with monochromatic Cu Kα radiation (λ=0.1542 nm). Transmisson electron microscopy (TEM) observations were performed using a transmission electron microscopy (JEOL-2100) at 200 kV and a Gatan 794 charge-couple device (CCD) camera. The samples were ultrasonically dispersed in 5 mL deionized water for 5 min. Next, the solution was dropped to a copper grid. UV-visible spectra were recorded on a Shimadzu UV-2500 spectrophotometer in a 1 cm optical path quartz cuvette over a 200-800 nm range at room temperature. The chemical states of species in the TiO 2 samples were investigated using X-ray photoelectron spectra (XPS), employing Thermo ESCALAB 250 XPS with a monochromatic Al Kα X-ray source system.
Photocatalytic measurement
The photocatalytic activities of the samples were evaluated by the photodegradation of MO in an aqueous solution at room temperature under visible light irradiation (VB). During the process, the catalyst (0.01 g) was suspended in a fresh dye aqueous solution (C 0 (MO) = 1×10 -5 mol/L, 50 mL). The suspension was ultrasonically dispersed for 10 min, then stirred in the dark for 30 min to allow an adsorption-desorption equilibrium of MO dye. After 30 min, the solution was illuminated whilst stirring. At a certain interval, a certain amount of sample (8 mL for the VB-induced reaction) was drawn from the system, centrifuged and then the absorption spectrum at 464 nm of the dye was monitored. The visible light irradiation source (λ>400 nm) was obtained by putting an appropriate cut-off filter in the front of a 500 W Xe-lamp to completely remove wavelengths shorter than 400 nm. The photoreactor was placed a magnetic stirrer to ensure homogeneous mixing during irradiation. Figure 1 shows the SAXD patterns of sample a and sample e. Low angle peaks in the range of 2θ value 1°-7° characteristics of ordered mesoporous structure were not observed. It implies that the ordered mesoporous structure of samples a and e were all not formed [17] , and we can not calculate the pore diameter from Fig. 1 . XRD patterns of mesoporous titania and N-doped mesoporous titania are given in Fig. 2 . Identification of titania phase, confirmed by comparison to accepted standard peaks from JCPDS. A series of characteristic peaks, corresponding to the (101), (004), (200), (105), (211) and (204) planes are observed, which can be indexed to anatase TiO 2 (JCPDS. 21-1272). It implies that crystal phase has no changes in the N-doping process.
Results and discussion
FTIR spectra of mesoporous titania and N-doped mesoporous titania are shown in Fig. 3 . The peaks corresponding to N-H 2 stretching (3690 cm DMF might be just chelated to the surface of the TiO 2 instead of doping, so we need to XPS analysis further to confirm the atom level doping.
XPS survey spectrum and N 1s core level of the sample e were measured (Fig. 4) . It contains not only Ti, O and C, with sharp photoelectron peaks appearing at binding energies of 458 eV (Ti2p), 529 eV (O1s) and 285 eV (C1s), but also a small amount of N atom (binding energies at 401 eV). It shows the high resolution XPS spectra of N1s. Three XPS peaks at 400, 401 and 404 eV were observed. Different N 1s peak positions represent various forms of N-doped titania. Most N species in the sample e exist in form of nitrides such as N in the O-Ti-N and Ti-O-N linkage, corresponding to the (BE) of 400 eV and 401 eV. Sato observed a peak at 400 eV for TiO 2 power heated in the presence of ammonium chloride [18] . In later studies, the peak at about 399.7 eV was frequently observed for N-doped TiO 2 materials [19] . Therefore, it was believed that at least two kinds of nitrogen doping were responsible for the visible light photoactivity. Figure 5 shows the nitrogen adsorption-desorption It is possible that the nanoparticles of the sample e was more tiny, which agrees well with the TEM images shown in Fig. 6 . Figure 6 shows the TEM images of representative samples. Figure 6 (A) is a low-magnification cross-sectional TEM image of sample a, revealing that the mesoporous titania is formed by aggregated clusters consisting of nanoparticles, and this is how to form disorder mesoporous structure, which agrees with the SAXD patterns as shown in Fig. 1 . The high-magnification of the individual spheres ( Fig. 6(B) ) shows a highly rough surface with mesoporous structure. The formation of mesoporous structure is due to the PEG as a soft template and the agglomeration of nanoparticles. After post-process method, the sample e (Fig.  6(C), 6 (D) and 6(E)) is more tiny than the sample a,which results in larger specific surface areas and increasing in photocatalytic activity. The sample e possesses diameter of ca. 20 nm with anatase crystalline structure. It may be mesoporous titania interact with DMF which results in the broken particles under high temperature and high pressure. UV-Vis diffused reflectance spectra of mesoporous tiania and N-doped mesoporous titania along with Degussa P25 are given in Fig. 7 . The wavelength maxima observed for all the samples are showed in Table1. λ max values indicating that the wavelength response range is in visible region. N-doped mesoporous titania shows remarkable red shift as compared to P25 photocatalyst [20] .
Band gap energy has been calculated for all photocatalysts by using the formula: E g =1240/λ g (eV) Where λ g is the wavelength value obtained from UV-DRS spectra.
These results confirm lowering of band gap energy due to N-doping in mesoporous titania by using the present method [21] .
The possible nitridation process: Firstly, DMF can hydrolyze to produce NH(CH 3 ) 2 and HCOOH in the presence of water during the hydrothermal process. Secondly, NH(CH 3 ) 2 can continually adsorb on the surface of TiO 2 . Thirdly, the nitridation occurs by replacing the oxygen atom in the TiO 2 with the nitrogen atom in the DMF, resulting in the formation of the O-Ti-N and the Ti-O-N species. A similar mechanism has been reported [22] [23] . To explore the photocatalytic activity of the prepared samples in the visible range, degradation of MO by visible light was investigated. The photocatalytic behaviour of P25 was also measured as control. The photocatalytic activity of various types of photocatalysts was represented by the ratio of removed concentration to initial concentration of MO[(C 0 -C)/C 0 ], as a function of irradiation time. As illustrated in Fig. 8 , MO degradation with P25 was negligible (about less than 3%), and mesoporous titania could degrade nearly 10% of MO result in its highly rough surface. N-doped mesoporous titania with various levels of nitrogen doping could degrade 70% to 95% of MO in 120 min under visible-light irradiation, respectively. 
Conclusions
Mesoporous titania photocatalysts with various levels of nitrogen doping are prepared by a convenient and effective method. These photocatalysts exhibit higher visible-light photoactivity in liquid-phase MO degradation than that of Degussa P25, which can be assigned to synergistic effect between the retained alkoxyls and the nitrogen doping.
